Randomized study comparing full dose monotherapy (S-1 followed by irinotecan) and reduced dose combination therapy (S-1/oxaliplatin followed by S-1/irinotecan) as initial therapy for older patients with metastatic colorectal cancer:NORDIC 9 by Winther, Stine Braendegaard et al.
Syddansk Universitet
Randomized study comparing full dose monotherapy (S-1 followed by irinotecan) and
reduced dose combination therapy (S-1/oxaliplatin followed by S-1/irinotecan) as initial
therapy for older patients with metastatic colorectal cancer
Winther, Stine Braendegaard; Österlund, Pia; Berglund, Åke; Glimelius, Bengt; Qvortrup,
Camilla; Sorbye, Halfdan; Pfeiffer, Per; on behalf of the Academy of Geriatric Cancer
Research (AgeCare)
Published in:
BMC Cancer
DOI:
10.1186/s12885-017-3526-8
Publication date:
2017
Document version
Publisher's PDF, also known as Version of record
Document license
CC BY
Citation for pulished version (APA):
Winther, S. B., Österlund, P., Berglund, Å., Glimelius, B., Qvortrup, C., Sorbye, H., ... on behalf of the Academy
of Geriatric Cancer Research (AgeCare) (2017). Randomized study comparing full dose monotherapy (S-1
followed by irinotecan) and reduced dose combination therapy (S-1/oxaliplatin followed by S-1/irinotecan) as
initial therapy for older patients with metastatic colorectal cancer: NORDIC 9. BMC Cancer, 17, [548]. DOI:
10.1186/s12885-017-3526-8
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 15. Oct. 2017
STUDY PROTOCOL Open Access
Randomized study comparing full dose
monotherapy (S-1 followed by irinotecan)
and reduced dose combination therapy
(S-1/oxaliplatin followed by S-1/irinotecan)
as initial therapy for older patients with
metastatic colorectal cancer: NORDIC 9
Stine Braendegaard Winther1*, Pia Österlund2,3, Åke Berglund4, Bengt Glimelius4, Camilla Qvortrup1,
Halfdan Sorbye5, Per Pfeiffer1 - on behalf of the Academy of Geriatric Cancer Research (AgeCare)
Abstract
Background: Metastatic colorectal cancer (mCRC) is a disease of older age, but there is a relative lack of knowledge
about effects of chemotherapy in older patients as they are under-represented in clinical trials. Little data can guide
whether the strategy in older mCRC patients should be a sequential full-dose monotherapy chemotherapy approach
or a dose-reduced combination chemotherapy approach. The oral 5FU prodrug S-1 seems to have less side effects
than capecitabine and should be an optimal drug for older patients, but few data are available. Improved geriatric
assessments are needed to select which older patients should receive therapy.
Methods: The NORDIC 9 trial is a Nordic multicenter randomized phase II study comparing full dose monotherapy
(S-1 30 mg/m2 twice daily days 1–14 every 3 weeks, followed by second line irinotecan 250–350 mg/m2 iv day 1 every
3 weeks or 180–250 mg/m2 iv day 1 every 2 weeks) with reduced dose combination therapy (S-1 20 mg/m2 days
1–14 + oxaliplatin 100 mg/m2 iv day 1 every 3 weeks, followed by second line S-1 20 mg/m2 days 1–14 + irinotecan
180 mg/m2 day 1 every 3 week) for older patients (≥70 years) with mCRC who are not candidates for full-dose
standard combination therapy. Additional bevacizumab (7.5 mg/kg) is optional in first-line. Blood samples and
tumor tissue will be collected to investigate predictive markers. Geriatric screening tools (G-8, VES-13, Timed-Up-
and-Go and Handgrip strength), Charlson Comorbidty Index and quality of life (EORTC QLQ-C30) will be evaluated as
predictors of efficacy and toxicity. The target sample size is 150 patients.
The primary endpoint is progression-free survival and secondary endpoints are time-to-failure of strategy, overall
survival, response rate, toxicity, and correlations between biomarkers, pre-treatment characteristics and geriatric
assessments.
Discussion: The study will add knowledge on how to treat older mCRC patients who are not candidates for standard
combination therapy. Furthermore it may provide understanding of efficacy and tolerability of chemotherapy in older
cancer patients and thus offer a better chance for tailored treatment strategies in these patients.
Trial registration: EU Clinical Trial Register, EudraCT no. 2014–000394-39. Registered 05 May 2014.
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Background
Survival of patients with metastatic colorectal cancer
(mCRC) has increased considerably over the past several
decades. Contributory factors for this improvement are
surgical resection or other ablative techniques for meta-
static disease, a more strategic approach to the delivery
of systemic therapy with a continuum of care, better
selection of patients to different treatments and more
lines of effective anticancer drugs [1].
The backbone of medical treatment of mCRC is
5-fluorouracil (5-FU). Since about two decades, it is
seldom given alone but biochemically modulated with
calcium folinate due to higher response rates and likely
improved survival [2]. The oral prodrugs of 5-FU (cape-
citabine, UFToral and S-1) are as efficient as modulated
5-FU and efficacy is further increased when 5-FU is
combined with irinotecan or oxaliplatin [1, 3]. Combin-
ation regimens are often the best first-line choice, but
monotherapy is an alternative in some clinical situations
based upon the results of several trials. In both the
CAIRO [4], FOCUS1 [5] and FFCD 2000–05 trials [6]
unselected patients with previously untreated mCRC
were randomized between a sequential strategy and com-
bination therapy. In the FOCUS2 [7] and FFCD 2001–02
[8] trials, the doublet strategy in older patients with
mCRC was explored, in FOCUS2 with a population of
patients who were not candidates for full-dose chemother-
apy. All studies showed that it is safe to start monotherapy
if followed by new therapy upon progression.
Median overall survival (OS) often exceeds 24 months
for mCRC patients included in clinical trials. In unse-
lected populations of mCRC patients, however, median
OS is only around 12 months [9–11] although, in one of
the population-based studies [12], median OS was
21.3 months in the subgroup of patients (36%) treated
with combination chemotherapy as in a clinical trial. The
short OS in general populations of mCRC patients is
mainly for a short survival in patients above 70–75 years
of age and in patients not receiving any chemotherapy due
to a variety of reasons [12, 13]. The reported OS improve-
ment over time in mCRC patients is mainly seen in youn-
ger patients and only minor improvements are found in
older patients [14]. In a large community-based study,
older patients (65+ years) were less likely to receive first-
line doublet chemotherapy and also less likely to receive
irinotecan, oxaliplatin, and bevacizumab during the entire
course of the disease [15].
In a combined analysis of more than 2500 patients
treated with different irinotecan/5-FU schedules in four
first-line phase III trials, the authors concluded that
older patients (70+ years) who fulfilled the inclusion
criteria of the trials had similar benefits of treatment and
similar risk of toxicity as younger patients, and these
results have been confirmed in other studies including
systematic reviews [16–19]. A comparable outcome in
patients below or above 70 years included in randomized
trials is reasonably explained by inclusion of only the
very fittest older patients, based on strict inclusion cri-
teria, e.g. appropriate performance status and sufficient
organ functions, but these patients are not representative
of the majority of older patients cared for in the onco-
logical clinics [20]. This has an impact on our perception
of standard therapy, as colorectal cancer (CRC) is a
disease of older age with approximately 50% of the
patients being 70 years or older [9, 21]. From 2001 to
2005 the median age of patients with mCRC included in
clinical trials was only 62 years [22], while the median
age at mCRC diagnosis is 71–74 years according to
cancer registries [14].
In clinical practice many oncologists recommend full-
dose monotherapy or reduced dose combination therapy
(without much evidence) in older and/or frail patients.
In the FOCUS1 trial [5], where single agent therapy
versus combination chemotherapy was explored, the
median age was only 64 years, despite permissive entry
criteria and no upper age limit, and a retrospective sur-
vey showed that almost twice as many patients had been
treated off-trial during the same period, frequently using
reduced-dose or single-agent schedules. The most
frequent reasons for non-inclusion were physicians’
concerns about the adverse effects of standard-dose
treatments and patients’ wishes to avoid toxic effects.
The authors therefore designed FOCUS2 [7] for patients
where the treating oncologist considered standard full-
dose regimens to be unsuitable. A total of 459 patients
(median age 74 years) were randomized to reduced dose
monotherapy or reduced dose oxaliplatin combination
therapy, with a planned dose escalation in patients with
no or few side effects. However, dose escalation was only
effectuated in one third of the patients. Combination
therapy more than doubled response rate (from 13% to
35%) and marginally prolonged progression-free survival
(PFS) (HR 0.84 (0.69–1.01), p = 0.07), but OS was not
improved (HR 0.99 (0.81–1.18)).
In a recent French phase III trial (FFCD-2001-02),
where 282 mCRC patients aged ≥75 years received
either first-line monotherapy with 5-FU or FOLFIRI, no
significant differences in PFS (5.2 months vs. FOLFIRI
7.3 months, HR 0.84 (0.66–1.07), p = 0.15) or OS
(14.2 months vs. 13.3 months, HR 0.96 (0.75–1.24))
were found [8]. In line with these data, a recent meta-
analysis showed that combination chemotherapy pro-
longed PFS but not OS with an increased risk of toxicity in
older patients [23].
Further development of antineoplastic drugs may lead
to agents with a potentially more favorable toxicity pro-
file which may be of benefit especially for older cancer
patients. S-1 (Teysuno®) is a third generation oral
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fluoropyrimidine comprised of tegafur, a pro-drug of
5-FU, and two modulators of 5-FU metabolism; gimeracil
and oteracil [24]. S-1 provides sustained 5-FU plasma
concentrations with reduced toxicities like hand-foot-
syndrome (HFS) and probably cardiotoxicity and diar-
rhoea, due to the addition of the modulators [25–27].
Randomized Asian studies in mCRC patients have shown
that S-1 is as effective as 5-FU or capecitabine as mono-
therapy, and in combination with oxaliplatin [28, 29] or
irinotecan [30]. In Japan S-1 is approved for the treatment
of several cancers including gastric, colorectal and pancre-
atic cancers, but in the European Union presently only for
gastric cancer [24].
Because of higher activity of CYP2A6 and thereby
more effective conversion of S-1 to 5-FU in Caucasians,
the optimal dose is lowered in Caucasians compared to
Asians [24, 26]. In an observational chart review the use
of S-1 as monotherapy (30 mg/m2 twice daily on days
1–14 every 3 weeks) and in combination (25 mg/m2
twice daily on days 1–14 every 3 weeks) with oxaliplatin
or irinotecan, respectively, in 71 older mCRC patients
was evaluated [26]. In all three settings S-1 was well-
tolerated with a low rate of clinical and haematological
adverse events, and especially a very low incidence of
HFS was found. Furthermore the treatment indicated
comparable efficacy to standard regimens in mCRC.
However further prospective Western studies are needed
to confirm efficacy and safety of S-1 in young and older
populations.
Bevacizumab has in randomized studies, as a part of
combination therapy improved efficacy in mCRC
patients [31–34]. Retrospective cohort studies indicate a
similar benefit on a population level [35, 36]. In a recent
study, S-1 plus bevacizumab therapy was effective and
safe for older (median age 75 years) mCRC patients [37].
In the SALTO trial, S1 plus bevacizumab was as effective
as capecitabine plus bevacizumab with a significantly
lower incidence of HFS [38].
Based on these facts, the ongoing NORDIC 9 trial was
initiated to compare full dose single agent S-1 therapy and
dose-reduced combination therapy in older patients not
considered candidates for standard combination therapy,
hypothesizing that reduced combination therapy improves
efficacy compared to fulldose monotherapy.
Geriatric assessments
A major challenge in the treatment of older cancer
patients today is to select the patients who can tolerate
and benefit from treatment. Comorbidity, polypharmacy,
different state of nutrition, functional and psychosocial
capabilities including cognition are all elements of
pivotal character when an overall assessment of the older
patient is made [39]. Several attempts to develop tools for
this evaluation have been made. The Comprehensive
Geriatric Assessments (CGA) is recommended by the
International Society of Geriatric Oncology (SIOG)
[40, 41], but CGA is too time-consuming to be performed
in a routine oncological clinical setting. Therefore several
screening tools to identify the patients, who would benefit
from a CGA and potential treatment, have been tested. In
the NORDIC 9 trial, we have chosen some of the most
promising and least time-consuming tests (G-8, VES-13,
Timed-Up-and-Go and Handgrip strength) to evaluate
their predictive and prognostic value.
 The G-8 is an 8-item screening tool including
nutrition, mobility, neuropsychological problems,
number of medications, self-perception of health
and age [42]. The G-8 is scored by a nurse and takes
approximately 5 min.
 The Vulnerable Elders Survey (VES-13) is a 13-item
self-administered instrument based upon age, self-
rated health and the ability to perform physical and
functional activities. It predicts functional decline
and mortality [43, 44] and takes approximately
5 min to fill out.
 Timed-up-and-go-test (TUG) assesses the physical
status of the older patient. The patient is
observed and timed while he/she rises from an
armchair, walks 3 metres, turns, walks back, and
sits down again [45].
 Handgrip strength (GS) is measured with a hand
dynamometer and reflects the upper extremity
strength. It correlates to patients’ overall muscle
strength, bone density, nutrition status and frailty [46].
Furthermore
 Charlson Comorbidity Index is scored by a
physician and takes approximately 5 min.
 Quality of Life (QoL) by EORTC-QLQ-C30 is
completed at baseline and after 3rd and 6th course
of treatment, to supplement the overall assessment.
Methods/design
Design
NORDIC 9 is an open multicenter randomized phase II
trial aiming at investigating the efficacy of full dose
monotherapy (S-1 followed by second line irinotecan
upon progression) and a reduced dose combination
therapy (S-1/oxaliplatin followed by second line S-1/
irinotecan) as initial therapy for older (≥70 years)
mCRC patients who are not candidates for full dose
standard combination chemotherapy as evaluated by
the treating physician (Fig. 1). Additional therapy with
bevacizumab in first-line setting is optional, but that
decision should be made before randomization.
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Participants
One hundred and fifty patients will be enrolled at 20 on-
cologic departments in Finland, Norway, Sweden and
Denmark. All patients must be 70 years or older, have
histologically verified colorectal adenocarcinoma, non-
resectable mCRC and not be candidate for standard full-
dose combination chemotherapy as evaluated by the
treating physician. Other inclusion criteria are WHO
performance status 0–2, life expectancy of at least
3 months, no prior chemotherapy except adjuvant fluor-
opyrimidine therapy completed more than 180 days be-
fore randomization, no evidence of CNS metastasis, and
adequate hematological, kidney (GFR > 30 ml/min, but
if calculated GFR is ≤70 ml/min, GFR must be mea-
sured) and liver function.
The enrollment started in March 2015 and target re-
cruitment period is estimated to be 24 months and
follow-up period/end date is estimated to be 6 months
after inclusion of the last patient. Randomization will be
conducted as a block randomization stratified according
to institution and planned therapy with bevacizumab.
All patients must provide written informed consent.
Treatment
Patients will be randomized to receive:
Arm A: Full dose single agent strategy
First-line: S-1 30 mg/m2 twice daily days 1–14 every
3 weeks followed upon progressive disease (PD) by
Second line: Irinotecan 250 mg/m2 iv day 1 every
3 weeks or irinotecan 180 mg/m2 iv day 1 every
2 weeks (optional). In the absence of toxicity (except
alopecia) above grade 1, it is recommended to
increase the irinotecan dose in steps to 350 mg/m2 iv
day 1 every third week or irinotecan 250 mg/m2 iv
day 1 every second week.
or
Arm B: Reduced dose (80%) combination-therapy
strategy
First-line: S-1 20 mg/m2 twice daily days 1–14 and
oxaliplatin 100 mg/m2 iv day 1 every 3 weeks
followed upon PD by
Second line: S-1 20 mg/m2 twice daily days 1–14 and
irinotecan 180 mg/m2 iv day 1 every 3 weeks
Bevacizumab (7.5 mg/kg iv day 1) may be added to
first-line chemotherapy (monotherapy or combination)
at the discretion of the treating physician.
Blood samples (serum and EDTA plasma) and tumor tis-
sue will be collected for future investigations of
biomarkers.
The Geriatric screening tools (GST) (G-8, VES-13,
Timed-Up-and-Go, Handgrip strength), Charlson Co-
morbidity Index and QoL will be completed before
randomization.
Dose modifications
In patients with GFR 30–49 ml/min, the dose of S-1
must be reduced with 5 mg/m2 (from 30 mg/m2 to
25 mg/m2 or from 20 mg/m2 to 15 mg/m2).
When dose reduction is needed during therapy because
of toxicity, the dose of S-1 will be reduced with 5 mg/m2
(from 30 mg/m2 to 25 mg/m2 or from 20 mg/m2 to
15 mg/m2) and the dose of oxaliplatin or irinotecan will
be reduced with 25%.
Duration of therapy
Treatment is recommended until progression, unaccept-
able side-effects, patients’ wish of ending treatment or
patients’ wish for chemo-holiday. After disease progres-
sion, the patients will be offered second-line therapy,
which will continue until new progression.
Evaluation of treatment delivery
After every 9 weeks a CT-scan will be performed to
evaluate time of progression in all patients and radio-
logical response in patients with measurable disease
(according to RESIST criteria 1.1).
Post treatment evaluation will be assessed by clinical
and radiological tumor evaluation every 2 months until
second progression is diagnosed.
Safety
Adverse events will be evaluated according to NCI-CTC
version 4.0 for all patients for 28 days following the last
dose of study drug.
When 50 patients are included, a safety analysis
(toxicity and dose-intensity) after the three first cycles of
therapy will be conducted and evaluated by the protocol
Fig.1 Study design of the NORDIC 9 trial
Winther et al. BMC Cancer  (2017) 17:548 Page 4 of 7
committee to ensure tolerability. Inclusion of patients
may continue during safety analysis.
Study objectives
The primary endpoint is PFS. Secondary objectives are
Time-To-Failure-of-Strategy (TTFS) as defined by Allegra
et al. [47], OS as deaths of all causes, response rate (RR)
(investigator evaluated) according to RECIST criteria 1.1
in patients with measurable disease, toxicity, QoL as
described by EORTC QLQ-C30, correlation between
biomarkers and outcome as well as evaluation of pre-
treatment characteristics and geriatric screening tools as
predictive markers for efficacy and toxicity.
PFS, TTFS, and OS will be calculated from the date of
randomization to the first date of radiological or clinic-
ally documented progression to first-line therapy (PD1),
first date of documented progression to second line ther-
apy (PD2), or death.
Statistics
The definition of the target sample size is made based
on prior data indicating that median PFS on single agent
is 4 months in this patient group, but may be as long as
8 months in patients receiving single agent with bevaci-
zumab [7, 32]. Half of the patients may be candidates for
additional bevacizumab, and thus, median PFS for the
group of patients receiving single agent therapy may be
6 months. If median PFS for the experimental group
(combination therapy, arm B) is 9 months, we need to
study 71 experimental patients and 71 control patients
to be able to reject the null hypothesis that the experi-
mental and control survival curves are equal with prob-
ability (power) 0.8 and a type I error probability of 0.2.
To ensure 142 evaluable patients we will include 75
patients in each arm, a total of 150 patients.
PFS and OS data will be estimated by Kaplan-Meier
methods and compared with log-rank test. Adverse
events will be evaluated in an intention-to-treat-popula-
tion (all patients who have received at least one course
of chemotherapy). The calculations described above are
based on the primary end-point. Calculations on the
secondary end-points are only hypothesis generating and
thus explorative. Our study includes several lines of
therapy, which will impair the possibility of finding a
significant difference in OS.
Discussion
This study is conducted to evaluate two treatment strat-
egies in older mCRC patients - full-dose single agent
therapy or dose-reduced combination therapy. Patients
are not candidates for full dose double or triple com-
bination therapy either because of frailty, very old age,
patient preference or because the treating physician
recommends less intensive therapy [1], and thus
constitute a heterogeneous group. With this study
population we have tried to imitate the older popula-
tion who often challenges physicians in clinical every-
day life and where the decision on which treatment
regimen to choose is not clear-cut.
As S-1 seems to have a better toxicity profile com-
pared to capecitabine, especially because of a lower inci-
dence of HFS [26], it may be a suitable drug for the
study population.
A randomized phase II study, AVEX [32], showed that
bevacizumab improved efficacy (RR and PFS) of single
agent capecitabine in fit older patients. Therefore it is
optional to add bevacizumab to chemotherapy at the
discretion of the treating physician in the trial.
Standard treatment in patients with mCRC includes
chemotherapy in several lines with an expanding range
of treatment options [1]. Therefore we have planned a
continuum of care/strategy for patients including both
first and second line therapy as part of the trial.
If the study reaches the desired end-point for efficacy,
it suggests that reduced combination therapy becomes
the standard treatment for patients with mCRC who are
not candidates for standard full-dose combination ther-
apy. Future studies will be needed to confirm this and
perhaps evaluate the potential benefit of adding bevaci-
zumab to all patients in this particular study population.
SIOG recommends that future research focuses on the
ability of screening tools to build clinical pathways and
to predict different outcome parameters [48]. We have
in the trial chosen to include several geriatric screening
tools, which have sensitivity and specificity comparable
to a full CGA, but are less time-consuming [48, 49].
Most of the studies performed on geriatric screening
tools have been retrospective and performed in patient
populations with heterogeneous cancers [39]. We will
evaluate the chosen geriatric screening tools in a pro-
spective study design in a population of older mCRC
patients in order to predict efficacy and toxicity of the
oncological treatment and search for at-risk individuals.
If shown to be valid and relevant, the screening tools
may in the future be part of routine screening in the
treatment decision of geriatric patients [39].
Trial Status
A total of 120 patients have been enrolled by the 1st of
January 2017.
Abbreviations
5-FU: 5-fluorouracil; CGA: Comprehensive geriatric assessment; CNS: Central
nervous system; CRC: Colorectal cancer; G-8: Geriatric-8; GCP: Good Clinical
Practice; GFR: Glomerular filtration rate; GS: Handgrip strength; GST: Geriatric
screening tools; HFS: Hand-foot-syndrome; HR: Hazard ratio; IRIS: Irinotecan
and S-1; mCRC: Metastatic colorectal cancer; NCI-CTC: National Cancer
Institute - Common Toxicity Criteria; OS: Overall survival; PD: Progressive
disease; PD1: Progressive disease to first-line treatment; PD2: Progressive
disease to second line treatment; PFS: Progression-free survival; QoL: Quality
Winther et al. BMC Cancer  (2017) 17:548 Page 5 of 7
of Life; RECIST: Response Evaluation Criteria In Solid Tumors; RR: Response
Rate; SIOG: The International Society of Geriatric Oncology; SOx: Oxaliplatin
and S-1; TTFS: Time-To-Failure-of-Strategy; TUG: Timed-up-and-Go; VES-13: The
Vulnerable Elders Survey; WHO: World Health Organization
Acknowledgements
Not applicable.
Funding
This investigator-initiated study was funded from Taiho Pharmaceutical Co.
Ltd., who is a manufacturer of colorectal cancer treatments (Teysuno®).
Availability of data and materials
Plans for data entry, coding, security and storage are approved by the
Danish Data Protection Agency (j. no. 14/12719). The datasets used and/or
analyzed during the current study are available from the corresponding
author on reasonable request.
Authors’ contributions
Authorship follows the Vancouver guidelines. HS, PP, BG, PO are national
investigators and designed the study. HS and PP did the power calculation
and data analysis. PP wrote the first draft of the protocol. The protocol
committee consists of PP, HS, BG, PO, CQ and ÅB. SW wrote the first draft
of the manuscript and all authors commented and approved the final
manuscript.
Ethics approval and consent to participate
The NORDIC 9 study will be conducted in compliance with the protocol and
in accordance with the ethical principles put forward in the second
Declaration of Helsinki and in accordance with GCP rules. All patients must
provide written informed consent. The study has been approved by The
Regional Committees on Health Research Ethics for Southern Denmark
(EudraCT no. 2014–000394-39, registered 05 May 2014).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Oncology, Odense University Hospital, Sdr. Boulevard 29,
5000 Odense C, Denmark. 2Department of Oncology, Helsinki University
Central Hospital, Stenbäckinkatu 9, PO BOX 100, FI-00029 Helsinki, Finland.
3Clinicum, Helsinki University, Haartmaninkatu 8, 3th floor, PO BOX 63, 00014
Helsinki, Finland. 4Department of Immunology, Genetics and Pathology,
Uppsala University, Dag Hammarskjölds väg 20, 751 85 Uppsala, Sweden.
5Department of Oncology and Department of Clinical Science, Haukeland
University Hospital, Postboks 1400, 5021 Bergen, Norway.
Received: 31 August 2016 Accepted: 1 August 2017
References
1. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
et al. ESMO consensus guidelines for the management of patients with
metastatic colorectal cancer. Ann Oncol. 2016;27:1386–422.
2. Thirion P, Michiels S, Pignon JP, Buyse M, Braud AC, Carlson RW, et al.
Modulation of fluorouracil by leucovorin in patients with advanced
colorectal cancer: an updated meta-analysis. J Clin Oncol. 2004;22:3766–75.
3. Pfeiffer P, Qvortrup C, Bjerregaard JK. Current status of treatment of
metastatic colorectal cancer with special reference to cetuximab and elderly
patients. Onco Targets Ther. 2009;2:17–27.
4. Koopman M, Antonini NF, Douma J, Wals J, Honkoop AH, Erdkamp FL, et al.
Sequential versus combination chemotherapy with capecitabine, irinotecan,
and oxaliplatin in advanced colorectal cancer (CAIRO): a phase III
randomised controlled trial. Lancet. 2007;370:135–42.
5. Seymour MT, Maughan TS, Ledermann JA, Topham C, James R, Gwyther SJ,
et al. Different strategies of sequential and combination chemotherapy for
patients with poor prognosis advanced colorectal cancer (MRC FOCUS): a
randomised controlled trial. Lancet. 2007;370:143–52.
6. Ducreux M, Malka D, Mendiboure J, Etienne PL, Texereau P, Auby D, et al.
Sequential versus combination chemotherapy for the treatment of
advanced colorectal cancer (FFCD 2000-05): an open-label, randomised,
phase 3 trial. Lancet Oncol. 2011;12:1032–44.
7. Seymour MT, Thompson LC, Wasan HS, Middleton G, Brewster AE, Shepherd
SF, et al. Chemotherapy options in elderly and frail patients with metastatic
colorectal cancer (MRC FOCUS2): an open-label, randomised factorial trial.
Lancet. 2011;377:1749–59.
8. Aparicio T, Lavau-Denes S, Phelip JM, Maillard E, Jouve JL, Gargot D, et al.
Randomized phase III trial in elderly patients comparing LV5FU2 with or
without irinotecan for first-line treatment of metastatic colorectal cancer
(FFCD 2001-02). Ann Oncol. 2016;27:121–7.
9. Sorbye H. Palliative chemotherapy in elderly patients with metastatic colorectal
cancer: do we know how it should be used? Acta Oncol. 2012;51:819–21.
10. Lemmens VE, de Haan N, Rutten HJ, Martijn H, Loosveld OJ, Roumen RM,
et al. Improvements in population-based survival of patients presenting
with metastatic rectal cancer in the south of the Netherlands, 1992-2008.
Clin Exp Metastasis. 2011;28:283–90.
11. Mol L, Koopman M, van Gils CW, Ottevanger PB, Punt CJ. Comparison of
treatment outcome in metastatic colorectal cancer patients included in a
clinical trial versus daily practice in The Netherlands. Acta Oncol. 2013;52:950–5.
12. Sorbye H, Pfeiffer P, Cavalli-Bjorkman N, Qvortrup C, Holsen MH, Wentzel-
Larsen T, et al. Clinical trial enrollment, patient characteristics, and survival
differences in prospectively registered metastatic colorectal cancer patients.
Cancer. 2009;115:4679–87.
13. Sorbye H, Dragomir A, Sundstrom M, Pfeiffer P, Thunberg U, Bergfors M,
et al. High BRAF Mutation Frequency and Marked Survival Differences in
Subgroups According to KRAS/BRAF Mutation Status and Tumor Tissue
Availability in a Prospective Population-Based Metastatic Colorectal Cancer
Cohort. PLoS One. 2015;10:e0131046.
14. Sorbye H, Cvancarova M, Qvortrup C, Pfeiffer P, Glimelius B. Age-dependent
improvement in median and long-term survival in unselected population-
based Nordic registries of patients with synchronous metastatic colorectal
cancer. Ann Oncol. 2013;24:2354–60.
15. McKibbin T, Frei CR, Greene RE, Kwan P, Simon J, Koeller JM. Disparities in
the use of chemotherapy and monoclonal antibody therapy for elderly
advanced colorectal cancer patients in the community oncology setting.
Oncologist. 2008;13:876–85.
16. Folprecht G, Seymour MT, Saltz L, Douillard JY, Hecker H, Stephens RJ, et al.
Irinotecan/fluorouracil combination in first-line therapy of older and
younger patients with metastatic colorectal cancer: combined analysis of
2,691 patients in randomized controlled trials. J Clin Oncol. 2008;26:1443–51.
17. Pentheroudakis G, Fountzilas G, Kalofonos HP, Golfinopoulos V, Aravantinos
G, Bafaloukos D, et al. Palliative chemotherapy in elderly patients with
common metastatic malignancies: A Hellenic Cooperative Oncology Group
registry analysis of management, outcome and clinical benefit predictors.
Crit Rev Oncol Hematol. 2008;66:237–47.
18. Sanoff HK, Bleiberg H, Goldberg RM. Managing older patients with
colorectal cancer. J Clin Oncol. 2007;25:1891–7.
19. Venderbosch S, Doornebal J, Teerenstra S, Lemmens W, Punt CJ, Koopman
M. Outcome of first line systemic treatment in elderly compared to younger
patients with metastatic colorectal cancer: a retrospective analysis of the
CAIRO and CAIRO2 studies of the Dutch Colorectal Cancer Group (DCCG).
Acta Oncol. 2012;51:831–9.
20. Scher KS, Hurria A. Under-representation of older adults in cancer registration
trials: known problem, little progress. J Clin Oncol. 2012;30:2036–8.
21. Braendegaard Winther S, Baatrup G, Pfeiffer P, Qvortrup C. Trends in
colorectal cancer in the elderly in Denmark, 1980-2012. Acta Oncol. 2016;
55(Suppl 1):29–39.
22. Sorbye H, Kohne CH, Sargent DJ, Glimelius B. Patient characteristics and
stratification in medical treatment studies for metastatic colorectal cancer: a
proposal for standardization of patient characteristic reporting and
stratification. Ann Oncol. 2007;18:1666–72.
23. Landre T, Uzzan B, Nicolas P, Aparicio T, Zelek L, Mary F, et al. Doublet
chemotherapy vs. single-agent therapy with 5FU in elderly patients
with metastatic colorectal cancer. a meta-analysis. Int J Color Dis. 2015;
30:1305–10.
Winther et al. BMC Cancer  (2017) 17:548 Page 6 of 7
24. Sanford M. S-1 (Teysuno®): a review of its use in advanced gastric cancer in
non-Asian populations. Drugs. 2013;73:845–55.
25. Kwakman JJM, Baars A, Boot H, Pruijt JFM, Winther SB, Pfeiffer P, et al. Tolerability
of the oral fluoropyrimidine S-1 after hand-foot syndrome-related discontinuation
of capecitabine in western cancer patients. Acta Oncol. 2017;56:1023–6.
26. Winther SB, Zubcevic K, Qvortrup C, Vestermark LW, Jensen HA, Krogh M,
et al. Experience with S-1 in older Caucasian patients with metastatic
colorectal cancer (mCRC): Findings from an observational chart review. Acta
Oncol. 2016;55:881–5.
27. Mahlberg R, Lorenzen S, Thuss-Patience P, Heinemann V, Pfeiffer P, Mohler M.
New Perspectives in the Treatment of Advanced Gastric Cancer: S-1 as a Novel
Oral 5-FU Therapy in Combination with Cisplatin. Chemotherapy. 2017;62:62–70.
28. Hong YS, Park YS, Lim HY, Lee J, Kim TW, Kim KP, et al. S-1 plus oxaliplatin
versus capecitabine plus oxaliplatin for first-line treatment of patients with
metastatic colorectal cancer: a randomised, non-inferiority phase 3 trial.
Lancet Oncol. 2012;13:1125–32.
29. Yamada Y, Takahari D, Matsumoto H, Baba H, Nakamura M, Yoshida K, et al.
Leucovorin, fluorouracil, and oxaliplatin plus bevacizumab versus S-1 and
oxaliplatin plus bevacizumab in patients with metastatic colorectal cancer
(SOFT): an open-label, non-inferiority, randomised phase 3 trial. Lancet
Oncol. 2013;14:1278–86.
30. Muro K, Boku N, Shimada Y, Tsuji A, Sameshima S, Baba H, et al. Irinotecan
plus S-1 (IRIS) versus fluorouracil and folinic acid plus irinotecan (FOLFIRI) as
second-line chemotherapy for metastatic colorectal cancer: a randomised
phase 2/3 non-inferiority study (FIRIS study). Lancet Oncol. 2010;11:853–60.
31. Aparicio T, Francois E, Maillard E, Kirscher S, Taïeb J, Etienne PL, et al. PRODIGE
20: Bevacizumab + chemotherapy (BEV-CT) versus chemotherapy alone (CT) in
elderly patients (pts) with untreated metastatic colorectal cancer (mCRC)—A
randomized phase II trial. J Clin Oncol. 2015;33:5s. suppl: abstr 3541
32. Cunningham D, Lang I, Marcuello E, Lorusso V, Ocvirk J, Shin DB, et al.
Bevacizumab plus capecitabine versus capecitabine alone in elderly patients
with previously untreated metastatic colorectal cancer (AVEX): an open-
label, randomised phase 3 trial. Lancet Oncol. 2013;14:1077–85.
33. Price TJ, Zannino D, Wilson K, Simes RJ, Cassidy J, Van Hazel GA, et al.
Bevacizumab is equally effective and no more toxic in elderly patients with
advanced colorectal cancer: a subgroup analysis from the AGITG MAX trial:
an international randomised controlled trial of Capecitabine, Bevacizumab
and Mitomycin C. Ann Oncol. 2012;23:1531–6.
34. Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR,
et al. Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the Eastern Cooperative Oncology Group Study E3200. J Clin
Oncol. 2007;25:1539–44.
35. Stein A, Petersen V, Schulze M, Seraphin J, Hoeffkes HG, Valdix AR, et al.
Bevacizumab plus chemotherapy as first-line treatment for patients with
metastatic colorectal cancer: results from a large German community-based
observational cohort study. Acta Oncol. 2015;54:171–8.
36. Tomita Y, Karapetis CS, Ullah S, Townsend AR, Roder D, Beeke C, et al.
Survival improvements associated with access to biological agents: Results
from the South Australian (SA) metastatic colorectal cancer (mCRC) registry.
Acta Oncol. 2016;55:480–5.
37. Yoshida M, Muro K, Tsuji A, Hamamoto Y, Yoshino T, Yoshida K, et al.
Combination chemotherapy with bevacizumab and S-1 for elderly patients
with metastatic colorectal cancer (BASIC trial). Eur J Cancer. 2015;51:935–41.
38. Kwakman JJM, Simkens LHJ, van Rooijen JM, van de Wouw AJ, Ten Tije AJ,
Creemers GJM, et al. Randomized phase III trial of S-1 versus capecitabine in
the first-line treatment of metastatic colorectal cancer: SALTO study by the
Dutch Colorectal Cancer Group. Ann Oncol. 2017,28:1288–93.
39. Lembrecht Jorgensen T, Pfeiffer P. It's time to move forward in geriatric
oncology. Acta Oncol. 2016;55:1–2.
40. Extermann M, Aapro M, Bernabei R, Cohen HJ, Droz JP, Lichtman S,
et al. Use of comprehensive geriatric assessment in older cancer
patients: recommendations from the task force on CGA of the
International Society of Geriatric Oncology (SIOG). Crit Rev Oncol
Hematol. 2005;55:241–52.
41. Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen ML, Extermann
M, et al. International Society of Geriatric Oncology consensus on geriatric
assessment in older patients with cancer. J Clin Oncol. 2014;32:2595–603.
42. Kenis C, Decoster L, Van Puyvelde K, De Greve J, Conings G, Milisen K, et al.
Performance of two geriatric screening tools in older patients with cancer.
J Clin Oncol. 2014;32:19–26.
43. Saliba D, Orlando M, Wenger NS, Hays RD, Rubenstein LZ. Identifying a
short functional disability screen for older persons. J Gerontol A Biol Sci
Med Sci. 2000;55:M750–6.
44. Min L, Yoon W, Mariano J, Wenger NS, Elliott MN, Kamberg C, et al. The
vulnerable elders-13 survey predicts 5-year functional decline and mortality
outcomes in older ambulatory care patients. J Am Geriatr Soc. 2009;57:2070–6.
45. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39:142–8.
46. Alibhai SM, Breunis H, Timilshina N, Johnston C, Tomlinson G, Tannock I,
et al. Impact of androgen-deprivation therapy on physical function and
quality of life in men with nonmetastatic prostate cancer. J Clin Oncol.
2010;28:5038–45.
47. Allegra C, Blanke C, Buyse M, Goldberg R, Grothey A, Meropol NJ, et al. End
points in advanced colon cancer clinical trials: a review and proposal. J Clin
Oncol. 2007;25:3572–5.
48. Decoster L, Van Puyvelde K, Mohile S, Wedding U, Basso U, Colloca G, et al.
Screening tools for multidimensional health problems warranting a geriatric
assessment in older cancer patients: an update on SIOG recommendations.
Ann Oncol. 2015;26:288–300.
49. Winther SB, Jørgensen TL, Pfeiffer P, Qvortrup C. Can we predict toxicity and
efficacy in older patients with cancer? Older patients with colorectal cancer
as an example. ESMO Open. 2016;1(3):e000021.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Winther et al. BMC Cancer  (2017) 17:548 Page 7 of 7
